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1.0 INTRODUCTION 

During the ear ly  1950's, the former Feed Materials Production Center (FMPC), 
current ly  the Fernald Environmental Management Project (FEMP), processed high grade 
uranium/radium ore from the Belgian Congo'. No chemical separation o r  purific.ation 
was performed on the uranium/radium r ich  ore before i t  arrived a t  the FMPC f o r  
uranium recovery processing. Consequently, the residue from the process waste 
stream, termed K-65, contained s igni f icant  amounts of radium.-. Due t o  the economic 
value of the radium, .the 
ensiled.  As par t  o f . t h e  pu 
ownership u n t i l  the Departme 
the ear ly  1980's. . - .  .-- 

Four s i l o s  were .constructed 
but only S i l o s  1 and 2:were u t i l i zed  for the purpose of storing K-65,waste stream 
residue. Si lo  3 was used t o  .store metal oxides, and S i l o  4 lies-empty. From 1952 
t o  1958, these s i l o s  received residue i n  the form of a slurry.  T h e  waste stored 
in the s i l o s  includes the: following: 

o residue s lur ry  from FMPC 
o the contents of 25,000 drums from the Mallinckrodt chemical p lan t  i n  S t .  

Louis, Mi ssouri 
o the contents of 

New York i ::.: 

. , 

.. . . . .  
. . .  __ . .. - .- . .~ -- . .  

The silos c0ntai.n a t o t a l  o f  approximately 9600.tons of :r,esidue. : iThe radioact ive 
consti tuents of concern..are.- urg- .. ~ ~ , ' : . r a d i u m - Z : 2 6  and thorium-230.2 The 
radium-bearing residue: eitii-ts radonlgasa;gli;re4-1 '-as i radi-ati'on i n  t h e  form of arpha, 
beta and gamma rays. : . _ _  

According t o  the S i lo  1 and 2 Removal Action Work P lan ,  most of the radon being 
generated in the K-65 residues i s  contained w i t h i n  the silos. Before the placement 
of a bentonite seal over the residue within the  silos in November 1991, 
approximately 12 curies of radon were released t o  the head-space of each s i l o  per 
day. The concentration of radon i n  the head-space had been measured t o  be as  high 
as 3 x lo7 pCi/l. Using the previously measured concentration and the volume of the  
head-space of each s i l o ,  i t  had been calculated t h a t  approximately 33 curies of 
radon-222 ex is t  in the head-space. Current measurements indicate t h a t  addition of 
the bentonite has reduced th.e. head-space .- - -  radon t o  approximately 0.5% of .  the 

In 1963, exterior surface deter iorat ion t o  the s i l o s  became apparent, and a repa i r  
program was in i t ia ted .  In 1964, repa i rs  were made t o  the shot-concrete coat,  and 
an earthen embankment (berm) was constructed around Silos 1 and 2 t o  counterbalance 
the  load from the s i l o  contents. The berm a lso  protected the walls from further 
weathering and acted as a radiation shield.  Vents i n  the silos were sealed i n  
1979, and the berms were enlar.ged i n  1983 t o  reduce erosion. In January 1986, 
20-ft diameter, protective plywood covers for the s i l o  domes were constructed as 
a result of a structural analysis done by Camargo Associates Limited i n  1985. In 
1987, a polyurethane foam coating was applied t o  the  domes of the si los t o  further 
reduce weathering and t o  reduce radon gas emissions. In conjunction with this 

. _  . . . .  -. .- ... - ..~ __I 

. . . . .  .... -.- . .  

.-.. - . previously measured values. .. - = . : - ... 

i a 

I WP2155. G WP 
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effort, the Radon Treatment System (RTS) was developed and i n s t a l l e d  t o  temporar i ly  
reduce the radon emission from the silos (Bechte l ,  1990). 

The RTS was i n s t a l l e d  i n  November 1987 t o  reduce the radon inventory prior t o  the 
app l i ca t ion  of t h e  polyurethane foam t o  the exposed domes o f  the K-65 silos. The 
RTS was designed and c o n s t r u c t e d ' a s  a temPorary system t o  remove radon gas  which 
i s  continuously generated within the K-65 S i l o s .  The primary purpose of ope ra t ing  
the RTS was t o  reduce the whole body r a d i a t i o n  dose t o  personnel involved i n  dome- 
surface work i n  accordance w i t h  ALARA (as. low- as reasonably achievable)  practi.ces. 

ose :rate. -0  b&ct i ve-for. ,t h-e . RT-S+for. .the A 1.0. dome-s ut f ace  was 
. -  . .- ..- 

... . . . .  . . . . . . . . .  . . . . .  
radon duri-ng any ope ra t lon  of the Inter im S t a b i l i z a t i o n  , . '  

Projec t  t h a t  required opening si lo manways was minimized (WMC0.1990b). . .  

Figure 1-2 illustrates the bas ic  components o f  the RTS. The RTS was o r i g i n a l l y  
designed t o  be used on each K-65 S i l o  s e p a r a t e l y .  This design assumed a system 
a i r f low of 1,000 ft'/min., an i n i t i a l  radon curie content  i n  the a i r  space above the 
re s idues  of 37 C i .  and a one-time, 10-volume turnover f o r  each silo. I t  was 

. est imated t h a t  a t  l e a s t  0.4 C i  o f ' r a d o n  remained i n  the silos a f te r  treatment 
because of .perpe tua l  generat ion o f  radon. The c o n t r o l l i n g  c r i t e r i o n  f o r  the RTS 

. ;on ;ganmra ' .rad i at.i on- -exposure .rates . . . . . . . . . . . . . .  .;at ..the-. si 1'0- dome. .:surf ace ope ra t  i on I was: - 
:-: - . -  , ' , ' ' G ' ; '  

, , . . - . - .. rather t h i h ' t h  n concentrat,ion" w i t h i n "  t h e  -si 1.0s. : . . .  

. . I  

. . .  . .  

, _  . . . .  - . . . _  ... . .-. . .  . . _ .  

o 
o 2 fan units, and 
o 

8 charcoal adsorpt ion (beds) c a n i s t e r s ,  

a 32-inch-thick concrete  block r a d i a t i o n  s h i e l d i n g  wall surrounding the  
treatment bui 1 ding. 

The piping between the RTS shed and the K-65 silos consists of 12-inch diameter  PVC 
pipe  and 6-inch diameter  f l e x i b l e  hose. The r i g i d  p ipe  is  supported throughout i t s  
l eng th  on the silo berm. This piping i s  equipped w i t h  bu t t e r f ly - type  va lves  t o  
a l low operation of the RTS i n  t h e  silos independent ly  or  simultaneously.  

The d r i e r  and adsorpt ion beds a r e  valved i n  groups t o  provide ope ra t ing  
f l e x i b i l i t y .  The des i r ed  operat ing conf igu ra t ion  is s e l e c t e d  v i a  opera t ion  o f  
manual valve ac tua t ion  rods t h a t  extend through the conc re t e  sh i e ld ing  wall. 
Access t o  the K-65 s i l o s  and RTS f a c i l i t y  i s  r e s t r i c t e d  by a woven wire fence and 
1 ocked gates .  

- ,- -, 

The treatmefit system operated as a c losed ,  r e c i r c u l a t i n g  system so t h a t  the radon 
component of the s i l o  a i r  volume i s  cont inuously adsorbed onto  the charcoal beds. 
The bas ic  operat ion of the system al lows f o r  the removal of  contaminated air  from 
the s i l o s ,  t r anspor t  t o  the treatment bu i ld ing ,  removal of moisture ,  adsorpt ion o f  
the  radon, and return of the clean,  dry  air  t o  t h e  K-65 silos. ': 5 

3 WPZI%T.GWP . 



C 

c 
c 

e 



2822 
Removal Site Evaluarion Fernald Environmcnral Management Pmjeu 
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Prior to installing the. bentonite cover, it was estimated that an air volume 
changeout took place every 38 and 48 minutes for Silos 1 and 2 respectively, based 
on a system flowrate of 1000 ft3/min. On the average, operation of the RTS process 
reduced the surface radiation on the dome from 140 mR/hr to less than 60 mR/hr 
after approximately four hours of operation (WMCO, 1990~). 

Although the RTS unit was designed to support a single task, the system has been 
utilized on several occasions since its initial use in 1987 to support the 
application of the polyurethane foam. In June of 1988, the RTS was operated to 
support the insertion of a CCTV camera to inspect the condition of the interior, 
exposed concrete. Later the system was operated on several occasions to support 
'content sampling activities - first in June of 1989, and again in November and in 

thermal stress and severe stress that. resulted from lateral movement against a 
rigid PVC tee. This - incident prompted :'an investigation concerning further 
operation of..,the RTS unit.- The investigative committee's recommendations were 
addressed and the system was next operated to support content sampling from October . . 

through December of 1990. 

A decision was made that the system should be upgraded prior to any further 
operation. This upgrade included the following actions: 

o .installation of a new higher stat-ic-fan--outside the RTS building 

-- -. - - . . . -. . . - -  . -  

. .~.- .... - .. 
. . .  . .  . . -. . ._ . . . 

o pressure testing o f  the RTS unit to ensure piping integrity 

On completion of the .RTS upgrade, the system was operated to support three 
additional activities during' the remainder of 1991 - completion of the content 
sampling during July and August, baseline surface mapping of the residue surfaces 
in September and October, and during the installation of the bentonite cover in 
Silos 1 and 2 in November. The application of the bentonite provided immediate 
protection from the effects of a tornado-induced or spontaneous dome failure as 
well as a significant reduction in the radon release from the silos (WMCO, 1990d). 

Due to the nature. of. the .original--,proje.ct, -thkdesign of the RTS does .not meet the 
requirements for long term- use under the provisions. of DOE Order 6430..lA, ' General 
Design Criteria (WMCO 1990a). The inherent risks of operating such a facility are 
apparent. Furthermore, requirements for continuous and periodic radiation 
monitoring of the RTS, even when the system is not operating, subject personnel to 
additional radiation exposure. Additionally, the need to operate the RTS unit to 
reduce radon emissions has been eliminated as a result of the bentonite cover that 
is now in place. 

S WP2lSS.GWP 
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This Removal Site Evaluation (RSE) has been completed by the DOE under authorities 
delegated by Executive Order 12580 under Section 104 of the Comprehensive 
Environmental Restoration Compensation and Liability Act (CERCLA) and is consistent 
with Section 300.410 of the National Oil and Hazardous Substance Pollution 
Contingency Plan (NCP). This RSE addresses the RTS as a potential source for the 
exposure o f  the general population and the need for decommissioning and 
decontamination. 

....... ... ............. . . . . .  . . . . . . . . . . .  . . . . .  . . .  ..... . ........ . . . . . . . .  - - 
- 

. .  
2.0 SOURCE TEM 

- _- - - -. - - 
i Potential sourresr: ntami natjonkconsi der_ed-.j n--+~~isl--RSE--are~~he--p.l:a~-e 

rad i o ac t i ve-materj a 3 de2th.e-p.i p i.nggand& e&ead . tpapped=:+j n,:$heqje 
and the Ch~aEcOal YKi Can iiters-o.€&e--t-re a tme nti em .- 1: 7 :: T. he -p ro b ab,i.l--i 
consequences -of- a : e from these .sources are discussed in Section 3. 

. - . . . . . .  . .  - . . . .  ,..~ . .  -. _ _  . 

2.1. Radon in Si 1 o Head-SDace- .- .... .... -_ - . 

-- = ..T - -  

_ _  . - .. 

Prior to installing the bentonite cover, the radiation activity from radon in]the 
head-space had been measured to be approximately 33 Ci in each silo (WMCO 1990e). 
Approximately 12 Ci of radon per day were released to the head-space of the silos. 
The Silos 1 and 2 Removal Action has reduced the levels to about 0.5% of the prior 
value. Therefore, this source was not considered in this RSE. 

2.2 Radioactive Material Plateout On Inside Pipinq 
- - - .~  . . ." . _ _  . . . . . . . . . . . . . .  

During the investigation'of -.the c r a c k e ~ ~ ~ p i n ~ . _ r ~ n ~ ~ g ~ e r ~ ~ ~ o d u c ~  p l  atgout .- 

inside the piping was discovered. Consequently; personnel becamecontaminated 
what was considered --a radi ol ogi call-y- -%ol d"_:sys.tem. :- Gonsiderabl e radi at i on 
measured at the crack in -the piping;-- .'Radioliglc.al' - ---is:? .5.r> - :suPveys,bdj-cated .... .. signifiijant--:. . .  . . .  

-' 

. . . . . . . .  contamination levels within.  piping.;---""-^ 

2.3 Pb-210 in Charcoal Canisters 

The radon treatment system was operated for only one silo at a time. During 
operation, the radon gas was trapped primarily in the charcoal canisters and to a 
small degree in the desiccant canisters located in the RTS block building. 
Assuming equilibrium between radon and all daughters and a charcoal removal 
efficiency of loo%, there should be approximately 9.5 Ci Pb-210 trapped in the 
canisters after the RTS has been operated seventy-five times. These calculations 
are included as Appendix A (WEMCO 1991). Due to the relatively short half-lives 
of the daughter product, no other isotopes were considered; - - - _ -  - 

3.0 EVALUATION OF THE MAGNITUDE OF THE POTENTIAL THREAT - -  

- ~ _ -  
_ _  - 

The primary threats are the releases and the potential migration of the radon 
daughter product Pb-210 and other radioactive material both on-site and off-site. 
Although several scenarios could potentially result in a release of radioactivity 
to the environment from the RTS unit, the two considered the highest magnitude o f  
threat are considered in this document. These scenarios are a failure of the 
plastic piping at the RTS and a natural disaster occurring at the RTS block 

'- 8 
6 Wl55. G WP 
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3.1 Pi D i  nq Fai 1 ure 

The PVC piping used on the RTS has already failed. A crack in a tee occurred 
between December 13, 1989 and March 16, 1990. This event ultimately resulted in 
contamination of personnel and prompted a formal investigation (WMCO 1990a). 

An independent engineering analysis (PARSONS, 1990) of this event was conducted. 
On June 11, 1990, the results of this investigation were issued. A copy of this 
report is included as Appendix B. The-piping failure was attributed to poor design 
and selection of materials. Degradation of the PVC pipe and fittings resulting 
from ultraviolet radiation and cold temperatures had caused embrittlement which led 
to the failure. Poor design allowed lateral movement of the piping and 
concentrated the stress at the rigid tee. Recommendations were given for the 
continued use of the RTS unit. Based on the condition of the pipe and the poor 
design, additional failures could not be discounted; but the possibility of such 
failure has now been reduced due to implemented safety procedures and upgrades done 
on the system in the summer of 1991. 

The worst case piping accident associated with the RTS is a complete shear. The 
risk of this accident is solely based upon the consequences (assumed probability 
of occurrence i s  certainty), since: - 9  

7 W'2lSS.GWP 



2822 
Removal Site Evaluation 
K-65 Sibs Radon Trearment &stem 

Fanold Environmental Management project 
Januatv 1992 

( a )  
(b)  

a fracture o f  the RTS piping has  a l ready  occurred and 
the RTS i s  a temporary f a c i l i t y  tha t  does not  conform t o  the DOE design 
requirements (DOE Order 6430.1A) (WMCO 1 9 9 0 ~ ) .  

Therefore ,  the worst  c a s e  risk a n a l y s i s  o f  the RTS is s o l e l y  an analysis of t h e  
consequences of occurrence. 

3.2 Natural D i sas t e r  
i 

In t h i  S. ..scenar400,,a-zsevere - .- . - . . .weather.:-event, _- - --such as-.a -tornado,-would' result i n  -.the ... 
re1  e a s  e..'ofLt.hIe .J! b . ~ 2  l.02andLo t t i e r _ L d a u g ~ d ~ u ~ t s ~ ~ ~ - ~ - e ~ ~ r ~ - c ~ n  ._-..- t a.i.ned-h-the -=RTS-=-- .-- . .- =---i--. -. 

-. . -  
the physical containment o f  the Pb-210 and -the r a d i o a c t i v e - h a l f - l i v e s  o f  the o t h e r  - .-' 

daughter  products.  -The -  carbon cani ' s fe rs  a r e  contained i n  a metal 1 b u i l d i n g '  
surrounded by- 32: inches :-of.. s,tacked,-: . s o l i d  concre te  s t re tcher . -b l -ocks .  --.If these 
structures were destroyed,  the c a n i s t e r s  would s t i l l  con ta in  the l ead ;  If t h e - ' . '  - .  

c a n i s t e r s  were a l s o  des t royed ,  the carbon granules  a r e  t o o  l a r g e  t o  be widely 
d ispersed  through the atmosphere. Further, the lead,  a s  a s o l i d ,  is contained 
w i t h i n  the pores of the carbon and would not  be a v a i l a b l e  f o r  r e s p i r a t o r y  uptake. 
The p robab i l i t y  o f  such an event  occur r ing  wi th in  a square mile i n  the v i c i n i t y  of  
FEMP i s  estimated a t  1.2 x lo" per y e a r  (Janke, e t  a l ,  1990). 

3.3' Poten t i  a1 f o r  Exposure 

Before the ComPl et.1 oi;of-Xhe:-:henton i:t-e, cOver;:-o es, -. ttie:--pipe-break' 
s cena r io  would have :resul fed- -i nl':exposur.es" t o -  t h e .  pub1 i c  between 47 and 98 mrem . 

depending on .atmospheric-*stabi, l  i t y  -cl-ass--(WMCO 1990~') .  - T~-e~~r~aiatio'ii'standard-for 
the  whole body.do .O.ff~~s..ite; rece&t~~:-isg~Z5 zm~em&ea-t.L( . . -. -~ 4-0- GFR-19.2 -- 9:z-. . and _ _ _ _  - -  40 -7 _= C F - R ~ - ~ . L .  f.-..: 

190). 

Currently, there is  no need f o r  further opera t ion  o f  the RTS u n i t ,  and i t  remains 
i n  stand-by condi t ion with i t s  radon t i g h t  i s o l a t i o n  va lves  i n  the c l o s e d  pos i t i on .  
A p i p i n g  f a i l u r e  a t  the current time would .not  exceed the r a d i a t i o n  s tandard  f o r  
three reasons.  First, the head-space radon content  has been reduced t o  
approximately 0.5% of the va lue  measured p r i o r  t o  the ben ton i t e  a d d i t i o n .  Second, 
the radon t i g h t  i s o l a t i o n  va lves ,  which were i n s t a l l e d  as part  o f  the RTS upgrade, 
prevent  head-space radon from migra t ing  i n t o  t h e  piping system. And t h i r d ,  the 
scena r io  t h a t  was analyzed was based on a pipe-break dur ing  RTS ope ra t ion ;  b u t  no 
further operat ion i s  contemplated.  

bui 1 ding .- . ~ W ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ s ~ ~ ~ ~ ~ ~ ~ s . ~ ~ , v e . n t , , i . s ~ ~ m o d ~ ~ a t , ~ - : : t h e p ~ ~ a b i - l - i - t y  .-i-s:-l oKdue-  t o  

. . .  . . .  . . .  ....................... . . . . .  ...... . . .  ......... ..... .... . . . . . . . . .  . -  - . . - - - 
_._i _-_-. __ .__._ -.--.^I-.--. -- - 

...... Thus,.:thel.. . _. _. . .- ~. . - --wo-uld:have:+een . exceeded . .- - for  $h-i s .--sc.enari 0 .  - . .  

W i t h  respec t  t o  plate-out  o f  r ad ionuc l ides  on the inside o f  the p ip ing ,  recent 
measurements of  the dose through the  pipe gave readings o f  less than  0.5 mr/hr, 
which  is e s s e n t i a l l y  below the l imit  o f  d e t e c t i o n  f o r  the instrument  used t o  make 
the measurements. Although the  p l a t e d  rad ionucl ides  will cont inue  t o  decay w i t h  
time, the p ip ing  will cont inue  t o  be c l a s s i f i e d  a s  contaminated, b u t  the p o t e n t i a l  
h e a l t h  risk will become negl igible  w i t h  time and will approach z e r o  a s  the Pb-210 
cont inues  t o  decay. 

8 
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4.0 ASSESSRENT ON THE NEED FOR A REnOVAL ACTION 

Consistent wi th  Section 40 CFR 300.410 o f  t he  NCP, t he  DOE shal l  determine the 
appropriateness o f  a removal action. E ight  factors  t o  be considered i n  t h i s  
determination are l i s t e d  i n  40 CFR 300.415 (b)(2). The fo l lowing apply 
s p e c i f i c a l l y  t o  the Radon Treatment System. 

40 CFR 300.415 (b)(2)(11 
Actual o r  potent ia l  exposure t o  nearby human populations, animals, or the food 
chain f r o m  hazardous substances o r  po l lu tants .  

. . . . . .  . . . . . .  - -- - _ _  . - - .- - - -. __ _ _  . .  
......... 

------. - . : - = - * - d i ~ = - . -  _i . - 1_ . - - .-----*-"--- .__. - ,  . -  

4o CFR 3o07415-.- - -. .~ -. 

b---- - -.-=:-..- ...-..=... ...=-.. 
........... 

High l eve l  of"kazardous--substances o r  p o l l u t a n t s  o r  contaminants i n  drums, barrels,  . 

ta;ks, o r  other bu l k  storage _pose--a t h r e a t  - o f  - release. - ___ - - --- - 
. . . . . . . . . . . . . .  . . . . . . . .  - --.A 7 ----_=- .............. . . . . . .  . - .... ... . ...... . - . . . . . . . . . . . . . . . .  ... .... .............. -. - 

' -- - - - -  - .. _. 
. .  

_ _  
. . . . . . . . .  . .... . -. 40 CFR 300.4I5 (bji21CV .__ 

- 

Weather condit ions t h a t  may' .'cause .- hazardous substances or po l l u tan ts  o r  

40 CFR 3 0 0 . 4 1 5 . ( b l ( 2 ) ( v i i i l  ' 

Other s i tuat ions o r  f ac to rs  t h a t  may pose th rea ts  t o  p u b l i c  heal th o r  wel fare o r  
the environment. 

. . . . .  . - . -  .. contaminants t o  migrate o r -  be released. . .  
. .  

5.0 APPROPRIATENESS OF A RESPONSE 

, s-ponse:. j s :aptiyopr-i.at e-,due- :to the . p.0.t ent4:a-l. :-for 

s t i n g  . - ~. --- ___- . . . . .  --.*:- ..=.-__ . 

ed and'migrate Vrom .an'-incident'at the-RTS - u n i t  ,. a 'removal ' 

.... . . .  
. - . . . . .  -. - .. - . . . .  . - s i t ua t i on  . . . . . . . . . .  . .  . .  -. - -..._ . - -. - . _. __ 

I f  a planni%g"period o f  l ess  than s i x  months ex is ts  p r i o r  t o  i n i t i a t i o n  o f  a 
response action, DOE w i l l .  issue an Action Memorandum. The Act ion Memorandum wi1.1=--->----- 
describe the selected response and provide supporting documentation f o r  . t h e  
decision. 

I f  i t  i s  determined t h a t  there i s  a planning per iod greater  than s i x  months before 
a response i s  i n i t i a t e d ,  DOE w i l l  issue an Engineering Evaluation/Cost Analysis 
(EE/CA) Approval memorandum. This memorandum i s  t o  be used t o  document the t h r e a t  
o f  publ ic  heal th and t h e  environment and t o  evaluate v i a b l e  a l t e r n a t i v e  response 
actions. I t  w i l l  a lso serve as a dec is ion document t o  be included i n  the 
Administrat ive Record. The FEMP s i t e  i s  c u r r e n t l y  on the National P r i o r i t i e s  L i s t  
and i s  i n  the RI/FS process. 

9 WP2lSS. G WP 
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The f s i l o i i i n g  1 s  !:le b a s i s  fcr the e s t i m a t e '  o f  Pb-210 contafned In the 
: a C m  T t e a t a e n t  S y s c m  charcoa l  c a n i  s t e r r ,  The o r i g i n a l  a s s t j n p t  ion o f  50 
Ci c f  Rn-222 lf i  t h 2  hearls;acg o f  t h e  s i l c s  was based on r g i e r e n c e  1. 

lstinate c r  F+-:!;$ C C t i v i t v  i n  27s [';;rcoal f a f i ; ~ t ~ r l  - -  
i .  Ci?cclztions sx ; :r :  212: t h e r e  Is appr2xinately 50 C 1  o f  Rn-222 

i n  e z u i l i b r i x  w i t n  its d a u s h t 2 r s  in t h e  hezdspace o f  each K-65 :~ 

si,;$ p r i c r  t c .  the operation o f  the Fiadcn Trea tnens  $;(sten. 

t k r z  i s  !e$% e q u i l i b r i u z  t h e  t o t a l  a c t i v i i y  i s  as 

- .  

;is 5"" ,.,,;,,g c 

f o l  i c w s  : 
2 .  . . .  

- .. - - . .- - .. - . .  
. .  . -  

. .  . .  . .  

50 Ci f i n - i t 2  
50 c i  Po-i!b 
50 c i  % ? 1 4  
50 Ci Zi-214 
50 C i  P c - i l 4  

2 .  C i v x  t h e  i c a q s r  r e l a t i v e  h a i f  l i f z  c i  P S - 2 1 0  o n l y  .OS2 o f  t h i s  
;c:ivi;y h.2 d e c a y e d  :=! F5-21C. This nezns t h a t  a ; s r cx iza t e ly  125  
c t i  F5-212 i s  Ceposited i n  t h e  RTS e a c n  t i c e  i t  i s  c.?eta?.ed. (This 
i s  :ziir,s tk: c g r i s z r v a r i v e  z p p r a a c h  and a s s x i n g  I r  i s  a l l  
r ezovec .  ) 
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5 .  T:7e raijzn Cags3ters  exirttng at the t i m e  of Operat lOn are t r a p p e d  

i n  the desiccint w h i l e  the  raaon g i s  1 s  trapped In the c h a r c o a l .  

T h i s  would result in approximately 3.75 Ci Pb-ZlOldesfccant 
can1 s t e t  and .25 Ci Pb-210/charcoai canfstzr. 

6. 

C o n c l u s i o n  

7. There sholrld k 2  approxisately 9.5 Ci Pb-210 contained within t h e  

N;';n: To be cons2rua: ive i t  :zl:id. be .arsuned~t~at"dctIvitles:'of. @j---;lo. . . _  . 

.. . . .  . . .  .. RTS system. after i t  h a s  been..oper-ated -. . _  . . .  . . . .  - 7 5  _ _  t imes.  . . .  
. . 

and Po-2;O h a v e  . . .  tnsrcwn-  ta becoce e q u a l  t ~ ~ f h a t - ^ o f _ - P S - Z l O .  .- . - . 
. . . . . . . . . .  . . . . . . . .  . .- 

. , . -  . -  .. 
- _. - 

I f  you h a v e  any qces t io f i s  i e ? i  f r ee  t c  c ~ i , t a c ;  z2 a t  ~ 6 2 3 3 .  

_. . . .  . - .  . .  . . . . . . . . . . . . . .  
. . .  ...... _ _ _  . . .  . .  
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The writor vi r i ted  the Feed Maearfair Productlon Centot (FMPC) i n  Fornald, 
Ohio on Juno 11, 1990, t o  attempt t o  determine tho cause o f  failure o f  a 6" 
PVC t o o  antering tho radon treatment, v a n t i h t i o n  building for t h o  K-65 
S i l o s ,  'rhile a t  FWPC, t h e  writer vl8ited wi th  M088r'a. P. Beirne mad De 
G i l b t r t .  

U i t h  ~ r ,  .iXJbor-t tta. v r i t o r  revicved the.  i~rtal_l24i.on_.r_tea-~~Y.. .-. rowto . L Z i v -  camor --:- I 

an d i p a pe 
had been remvcd rrom the ' s a t e - s t  the same t iae-  t h e  tee"%a# -rTmoVeb';' 

ed'ct ha=faisqd __._  i. 6 =PVC --$& +Gan&&-sec$ $0 n5.0fL.th 0-12 !!-me -p 1 p e7vfi . ... ch . - _. .- - -  .- .' - -  

. . __._ 

._.____- _^.__._.__. . --.-- .-- -.-_ -. ___ _ _  > ,_ . .- - - - -. -, ._ . _. -. - . . . . - ._ -- 

ir 

2. 

3. 

PVC pipe $8 'not suihble  fo r  butdoor  i a8 ta l l r t lon  and s o ~ ~ c i t -  .re -k-'ib ' 
sensi t ive t o  uitrr v',olat {LiV) radiat ion (sunlight). 
TEiro war visible degradation of tho PVC pip0 and adhesive on arear 
exposed t o  W radirtion. 
There were two (2 )  separate aoct lon8  of :2" WC pip@ (each apprximsteu 
100' i n  l e n g t h )  vhlch oncountered an approximate 30' drop from t h e  top  
o f  the  8 i l 0  embankment t o  t h o  fsnca Q f d b  of the ventilation, t r e a t m n t  
%ilding, These aoctions of pip0 appeared t o  be rand- rupported 
approxl~imtoly 6" t o  12" above the  ground by coacro to  block. Rostraht 
p l e s  t o  prevent l a t e r a l  mwumbnt wore bont and offered very l i t t l e  
romtr.int if  -any, fo'~lateral-~movement o i  t h o  plpo duo t o  wind. 
I n s i d e  the fence area, one l a n g t h  of pipe warn reduced from 12'' ta 6" in 
Svo incrementi -'J;Urt ' pr ior  t o  enterlng t 3 e  building. 
va i  alro reduced from 12" t o  6" i n  two incromrnts and then connected ta 
a 6" tee. 338 tee vaa buried (approximately 50% of t h o  longitidins1 
roctlonr) i n  the black va l l  o f  t h u  bui1di.X. 
it is anticipated t h a t  a :oo' l ~ ~ t h  of PVC pip0 would oxpand/contract 
I, t o t a l  o f  6"  due t o  temperature usr iat ion,  encountored i n  t h e  area. 
Any atreas generated by oxpunsion/contractfan and l a t e r a l  moverpent of 
the 100' iength of p l p ~  vould be concentrated a t  the  6"  tse-vtrich being 
burled in t ho  wall-would be very rigid. Tha reducod aror  (12'' t o  6 " )  
vould slmo be-a  aomewhrt r ig id  aection, and would transmit stre18 tO 

:' 

4. 
Tho aocond length 

Soe Fiaure 1. 
5. 

6. 

tfrc toe, 17 
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7. 

8. 

9. 

10 . 
11. 
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The ret-up v u  o r i g i n a l l y  intended t o  b8 temporay, m d  has been i n  
* 

aefvico for  approxiraatoly 3 1/2 years. 
:t i r  suspected t h a t  the crack was l n l t l a t e d  during February 1933 a: a 
time vhen the tempera ture  dropped from the o i d d 0 ' r  t O  4 r O U d  9'P, over 
8 tvo-day time frame. 
Both UV degtseQtLon and  low temperature vi11 cause WC t o  become 
b r i t t l e .  Rsdia t ion  vi11 r l e o  embrittle PVC, hwovet i n  t h l i  case there 
appears to 80 little Paditation damp. 
m e  f ~ i l u r e - o c ~ i r ~ d ~ ~ c ~ T ~ ~ ~ ~ e ~ e n t l ~ ~ ~ y  I______-_ ,around_% leg of t h e  tee  , at  t h e  
point vhere-&~"-le_ngta o f  p ipe  v m  f i t t e d .  
V1 oubl e m i n a t  i-on- of--tae- fracture -face ind?csted=-azpt_agr %s a $ V e - - ~ a i < ~ - r e . - ~  
a reand  .sppreximatoly-50$- of- the  -eircu&erenco frubJectod--to=UV) ,--vith-- -1 ~ I 

an instmeouo or cata&t%fihlc f a i lu re  around t h e  r e m i n d e r  of tho  
s i r c u & ~ r e n c o _  ( i n s i d e  %he wall end not eubjeat to W). 
Visual exaa ina t ion  of s e v e r a l  j o i n t a  shovod degrada t ion  O f  t h r  rdhea ive  
exporod t o  UV, and 908rlble poor aaseably technique dur ing  
inntallation. 

A t  9 9 ,  t h e  WC v m f d  be b r i t t l e ,  

- -  

See Ffgure 2. 

RECOMMENDATIONS 

Ab Completion of the 8 R m p l i n 8  Program 

WCO ind ica t ed  t h a t  t o  complete t h e  a i r  sanpiing p togran  of t ho  K-65 
S l l o s ,  a key element i n  the M/F8 p r o c e s s ,  they  vould l i k e  t o  rapair 
tho failure and operate t h o  6yBtea internittrntly f o r  108s than d hours 
per day  *om late J u l y  through early December f o r  apptoxi~satrly 70 
ca t81  ope ra t ing  hour8 . - -  - _  - _ _  

- 
Recamendat ian 

Arrurs,nce t h a t  bdded frllurer vi11 not  occur  cannot be given due t o  the 
condi t ion  of the pip.; hovrver rhould  t h e  a m p l i n g  operation procoed, then 
t h e  following aatlon8 are recommended. 

1. A d o t a i l e d  lnrpoction be be made of a l l  the e x i s t i n g  joints t o  
determine if any show ovidrnce of crack8. 

2. A l l  a W 0 8 8 ~ y  r q i i r r  be nude v i t h  an approved and t r i e d  tachnlque.  
arirtoi Pipe, nnnufacturrrs of :he e x i r t i n g  pip0 recommended contact 
rith the P h D t i C  Pipe Inrtltxtc ,  N.J. fo r  tecnnieal a r r i r t a n c e .  
?he pipine be supported a b o w  grad. a t  13' t o  12' i n t r r v a l r r  

1s 

3. 
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The plpina be restrbined t o  16' t o  12' i n t e r v a h  t o  ptrvrnt lateral 
movembnt due to a n d  lording. 
Tho pipe be leaked t e ~ t r d ,  and 4ny larking j o i n t r  be repalrod, r g r i n  
using an approved and tr ird technique. 
Where porslble, exprarlon joint8 be provided t o  C O I B p m R t Q  f o r  
oxpan~:on/contrrction due t o  tenperatute variation. 
If poroiblr, paint t h e  pipe v i f h  a water bare print  t o  minfmlte future 
UV degrahtioar. 
The ent i ro  ayetem be periodically inspected (on 8 frequent bani81 for 
leakage und crrckr, 

C-dperptione- Bysteni 

If t n a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ d ~ o ~ ~ i ~ n u o ~ ~ ~ ~ ~ ~ ~ ~ d ~ ~ ~ ~ b s o ~ p t  %Owthen -the------=--- 
piping jyfkern -should be redari@wd s n d  rephced for t h e  follovlng 
rocom@n&tfonr : 

T A ~  PVC pipe be replaced vltn e i the r  f ibe r  reinforced p l a r t i c  (FRP: o r  
high-denoity polyethyltene (v l th  aain. o t  25 carbon blaok) pipe, both  of 
which can br procurtad with ainimurn saneitfvity t o  W radiation. 
Tho pipe ehwld be roupported above wade every ten. (10) to'twslva (12) 
feot. 
The pipe ahould be restrained every t e a  (10) to  tvelve (i2) feet  t o  
prevent hiin6tiiiiii due t o  v l n d  loadins, 
Pxganslon Joint8 or expanoloa loops be provided t o  allov f o r  
exg&nrion/contrrction due t o  teqprrcature mtlrtion. 
Prior to  inet-iliBiTon ,-hefrsonnel involved be given some t r s in i ag  by 
8uppUer8/i&,=,kfictU?em of the pips  i n  t h e  proper l n r t a l l r t l o n  
teobaiquer . - -  
Darign of tho ryatem be reviewed by an individual familiar vith 4nb 
c oerpet ent -it;- t heJ=de-Ci-@4-of--fk i 11 t 1 e8 i nrnlvlng plar t i a pipe. 
Lo& t e a t  the system t o  aieurs compliance vith operational factors and 
c r i t e r i a  of t h o  Radlological Srroty Departmnt at Fornald. 

- __ __ ___ -- - _ -  
~ ----- - -=-- - - _- -- - --c - 

e -  

- 

To Detarmine Ftarther O & t r  on the  Pipa Fracture 

TbO V X l t O f  COntrCted Brlrtolplpo, PrsnufaCtUr8r8 O f  tho e X h t i a 8  wc PiROi 
Unfortanately they were o? l i t t l o  h e l p  i n  trying t o  detormlno t h e  potential  
oxtrnd O f  U'Y do6radrtlon, or pOB8ibl8 repair  procedurea ( i f  needed) on t n e  
existing pipe. They d i d  rue-nd t h e  vrltet c o n t r a t  the Pla r t i c  Pipe 
f ~ t i t u t e ,  loteted i n  I w  Jarroy, fo r  porrible u r i r t a n c e .  

The vritcr talked at& a Mr.  Nom Bryan o i  PPI who -8 vow h81pfula !h 
Bryan indicated t h e n  are tertr vhich can be performed t o  determine the 
extant of degradation by UV radiation. 
microacoplc, t e n r i l e  and impact tertr could ba mrde and co~nzprrod to  tho  
original (gwanteed) values, and porribly deteraine t h e  poten t i r l  
rem?ning l i f a  O f  t h r  ~yrtm. 
Broutmsn b Arrociates In Chicago, I l l ino lr .  He recomaendad CoRtrCtlng r 
Nr. Don Dum11 at  tho laboratory for additional information. 

According t o  XT. B t y m ,  

The clorert lsboratory ha knew of vaa L e  J .  

89 
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. 
Mr. Bryan indicrtrd tmt 
base gaint, 'Jv dapaSrtion VouZd havr been minlnala 
Duvall migirt be of a8818tancc i n  suggesting poaaible repair of degraded 
area8 of  adhr~ ivo ,  or vnrre repair miat be necertary for other reaami, 

It  l e  euggerted that Y r ,  O U V a l i  be contacted, and a sample o f  t h e  PVC pipe 
be aant for  rvaluatlon. 

had the original PVC p i p e  be painted v l th  a va%or 
He r h o  lndicntrd Nr. 

Ii thrro are m y  queationr regarding t h i s  iaveatigation or the  recommendations 
please csll. 

Rrferencer: . 

La J* k W t W  b A88oc l r tc r  
3&24 South State Street 
Chicago, Illinois 60616 
!4rb Don Duvall  
( 312 I a 4 2 4 0 0  


